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METHOD FOR DETERMINING AN
ELECTRICAL CAPACITANCE IN AN
INTERMEDIATE CIRCUIT OF AN
ELECTRIC DRIVE SYSTEM

RELATED APPLICATION INFORMATION

The present application claims priority to and the benefit
of German patent application no. DE 10 2019 201 151.9,
which was filed 1n Germany on Jan. 30, 2019, the disclosure
of which 1s incorporated herein by reference.

FIELD OF THE INVENTION

The present mnvention relates to a method for determining
an electrical capacitance in an mtermediate circuit of an
clectric drive system. The electric drive system 1n this

context comprises at least one first electrical energy source,
which feeds the intermediate circuit, a drive unit, which has
an mverter and an electrical load, the inverter being elec-
trically connected on the input side with the intermediate
circuit and on the output side with the electrical load, and a
DC voltage converter, which 1s electrically connected with
the intermediate circuit and measures a voltage n the
intermediate circuit by high frequency sampling. The pres-
ent invention further relates to a motor vehicle, which

comprises an electric drive system, which 1s configured for
implementing the method of the present invention.

BACKGROUND INFORMATION

It seems likely that electrically driven motor vehicles waill
be utilized increasingly in the future. Such electrically
driven motor vehicles such as e.g. electric vehicles and
hybrid vehicles, respectively comprise an electric drive
system, which has an mntermediate circuit as well as multiple
clectric units electrically connected directly or indirectly to
the intermediate circuit. The intermediate circuit comprises
multiple intermediate circuit capacitors, which are respec-
tively assigned to an electric unit that 1s directly electrically
connected to the intermediate circuit.

The above-mentioned electric units, which are directly
clectrically connected to the intermediate circuit, include for
example an mverter, 1in particular a pulse-controlled inverter,
for controlling and driving electric motors such as traction
motors, and a DC voltage converter for converting the direct
voltage supplied at the mput 1into a direct voltage having a
higher, lower or inverted voltage level.

The intermediate circuit capacitors, 1n particular the inter-
mediate circuit capacitor associated with the inverter, are
normally oversized for various reasons such as e.g. manu-
facturing precision, capacitance drift at high temperature
and aging. For this reason, 1t 1s not necessary to monitor the
state of the itermediate circuit capacitors, which monitor-
ing would ascertain for example the current electrical
capacitance 1n the intermediate circuit or the intermediate
circuit capacitors, 1n particular of the intermediate circuit
capacitor associated with the iverter.

Document US 2013/278190 Al discloses a method for
setting a DC voltage intermediate circuit voltage as well as
a battery and a battery system having a direct current voltage
intermediate circuit, which are configured to implement the
method.

Document US 2018/054151 Al discloses an electrical
power adaptation system, 1n which the properties of a ripple
current are modified by changing a number of driver phases
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and/or a voltage ratio of a multi-phase converter, and a
control method for the electrical power adaptation system.

SUMMARY OF THE INVENTION

A method 1s provided for determining an electrical capaci-
tance 1n an 1termediate circuit of an electric drive system.
The electric drive system 1n this context comprises at least
one first electrical energy source, which feeds the interme-
diate circuit, a drive unit, which has an inverter and an
clectrical load, the mverter being electrically connected on
the 1input side with the intermediate circuit and on the output
side with the electrical load, and a DC voltage converter,
which 1s electrically connected with the intermediate circuit
and measures a voltage 1n the intermediate circuit by high
frequency sampling.

The DC voltage converter for this purpose has an appa-
ratus/device for measuring the voltage in the intermediate
circuit. The apparatus/device may be embodied for example
as an A/D converter (analog-digital converter). The fre-
quency of the sampling may be greater than 10 kHz.

According to the present invention, the electrical capaci-
tance 1n the itermediate circuit 1s determined on the basis
of the voltage 1n the intermediate circuit measured by the DC
voltage converter.

The electric drive system furthermore may have at least
one second electrical energy source, which 1s electrically
connected via the DC voltage converter to the intermediate
circuit and has a different voltage level than that of the first
clectrical energy source. The first electrical energy source
may have a higher voltage level than the second electrical
energy source.

The electric drive system may comprise further electric
units. The electric drive system may comprise for example
a first additional electrical load, which has one or multiple
clectric umts and is electrically connected to the intermedi-
ate circuit via the DC voltage converter, and a second
additional electrical load, which has one or multiple electric
units and 1s electrically connected directly to the interme-
diate circuit.

The intermediate circuit 1n this case has multiple inter-
mediate circuit capacitors, which are respectively assigned
to an electric unit that 1s directly electrically connected to the
intermediate circuit. For example, the intermediate circuit
comprises intermediate circuit capacitors, which are respec-
tively assigned to the inverter, the DC voltage converter and
possibly also to the second electrical load.

The first and second energy sources may be developed as
energy stores, such as for example a battery, 1n particular a
lithium-10n battery (LLIB), a super capacitor (SC) or hybnd
super capacitor (HSC) or as an energy converter, such as a
tuel cell for example.

According to one advantage development of the present
invention, the method of the invention comprises the fol-
lowing steps:

detecting a ripple 1n the voltage 1in the intermediate circuit

when measuring the voltage in the mtermediate circuit
using the DC voltage converter;
measuring a current of the electrical load;
emulating a ripple of an input current of the inverter on
the basis of the measured current of the electrical load
and with the aid of a model of the drive unait;

determining the electrical capacitance in the intermediate
circuit on the basis of the detected rnipple of the voltage
in the intermediate circuit and the emulated ripple of
the mput current of the inverter with the aid of a
dynamic intermediate circuit model.
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For this purpose, the measured values of the current of the
clectrical load serve as a starting point for the model of the
drive unit for emulating the ripple of the input current of the
inverter. The DC voltage converter and possibly also other
units directly electrically connected to the intermediate
circuit are inactive for this purpose, 1.€. no current tlows
through the DC voltage converter and the other units directly
clectrically connected to the intermediate circuit.

The electrical load 1s 1n this case controlled by the inverter
on the basis of a switching pattern. For example, for con-
trolling an electrical load embodied as a three-phased elec-
tric motor, the iverter may be controlled on the basis of a
so-called space vector modulation, which 1s based on a pulse
width modulation. The ripple of the mput current of the
inverter may be emulated using a model of the inverter and
of the electric motor over the duration of a voltage vector,
the duration of a voltage vector depending on a switching
frequency of the space vector modulation.

The dynamic intermediate circuit model comprises resis-
tances and inductances 1n all cables that are electrically
connected to the intermediate circuit, and electrical capaci-
tances 1n all intermediate circuit capacitors, which are asso-
ciated with the respective electric units directly electrically
connected to the mntermediate circuit. Dynamic 1s to be
understood in the sense that the model parameters are
dynamic and dependent on frequency. To make it possible to
determine the electrical capacitance on the basis of the
dynamic intermediate circuit model, the ripple of the voltage
in the intermediate circuit detected by the DC voltage
converter and the emulated ripple of the mput current of the
inverter must be synchronized. This synchronization may be
performed for example 1n that the ripple of the voltage in the
intermediate circuit detected by the DC voltage converter 1s
synchronized with a voltage measured by the inverter in the
intermediate circuit. For the purpose of controlling the
clectrical load, the voltage 1n the intermediate circuit 1s also
measured by the inverter using a sampling process, this
sampling process on the part of the inverter having a lower
sampling frequency than the sampling process performed by
the DC voltage converter. Sampling by the inverter 1s not
suitable for emulating the ripple of the voltage in the
intermediate circuit.

The dynamic intermediate circuit model may be adjusted
by measurements of the voltage 1n the mtermediate circuit or
determined by a change factor of the electrical capacitance
in the itermediate circuit or of the rnipple of the voltage 1n
the 1ntermediate circuit.

The adjustment of the dynamic intermediate circuit model
may be performed if there 1s a suflicient electrical capaci-
tance 1n the mtermediate circuit. In the process, it 1s possible
to adjust the capacitance 1n the intermediate circuit, the
inductances and resistances 1n all cables that are electrically
connected to the intermediate circuit.

For example, the dynamic intermediate circuit model may
be adjusted by comparing capacitances in the intermediate
circuit, which are obtained by repeated implementations of
the method of the present invention. Alternatively, the
dynamic intermediate circuit model may be adjusted by
comparing ripples of the voltage in the intermediate circuit,
which are obtained by repeated implementation of the
method of the present invention while a ripple of the input
current of the inverter remains the same. At a lower elec-
trical capacitance in the intermediate circuit, the ripple of the
voltage 1n the intermediate circuit increases. It 1s also
possible, however, for the dynamic intermediate circuit
model to be adjusted by a comparison of ripples of the input
current of the inverter, which are obtained by repeated
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implementations of the method of the mvention while the
ripple of the voltage in the intermediate circuit remains the
same.
An amplitude of the detected ripple of the voltage in the
intermediate circuit may be stored in a storage medium. The
stored amplitude of the detected ripple of the voltage 1n the
intermediate circuit may be used for adjusting the interme-
diate circuit model. The storage medium 1s to be understood
as a medium that 1s suitable for storing data. A storage
medium may be a memory card. A cloud storage device, in
which data may be stored online, 1s also conceivable. It 1s
also possible to store information about capacitances in the
intermediate circuit of other electric drive systems in the
cloud storage device. This information may be used for the
adjustment of the dynamic intermediate circuit model.
According to another advantageous development of the
present invention, the method of the invention comprises the
following steps:
detecting a change in the voltage in the intermediate
circuit 1n a time span when measuring the voltage in the
intermediate circuit using the DC voltage converter;

measuring a charging or discharging current of the inter-
mediate circuit 1in the time span;

determining the electrical capacitance in the intermediate

circuit on the basis of the voltage change 1n the inter-
mediate circuit detected in the time span and of the

charging or discharging current measured in the time
span with the aid of the equation

I=C*du/dt

I 1s the charging or discharging current of the intermediate
circuit and C 1s the capacitance to be determined 1n the
intermediate circuit. du/dt designates the voltage change 1n
the intermediate circuit 1n the time span.

The electric drive system 1n this context may have at least
one second electrical energy source, which 1s electrically
connected to the intermediate circuit via the DC voltage
converter. In this case, the intermediate circuit may be
charged by the second electrical energy source via the DC
voltage converter, and the first electrical energy source 1s
switched ofl when charging the intermediate circuit up to a
predetermined voltage level.

The mtermediate circuit may also be discharged via the
DC voltage converter. If the second electrical energy source
1s an e¢lectrical energy store, then the second electrical
energy source may be charged by the discharge current of
the itermediate circuit via the DC voltage converter.

When determining the electrical capacitance in the inter-
mediate circuit, 1t suflices to take mto account only a start
value and an end value of the measured voltage 1n the
intermediate circuit 1in the time span.

The electrical capacitance 1n the intermediate circuit may
be determined multiple times. Subsequently, an average 1s
formed of the repeatedly determined electrical capacitance
in the intermediate circuit. The repeated determination of the
clectrical capacitance 1n the intermediate circuit occurs 1n a
charging or discharging process.

The electrical capacitance 1n the intermediate circuit
advantageously may be determined as a function of the
temperature. This allows for additional information to be
obtained about the aging of the itermediate circuit capaci-
tors 1n the intermediate circuit, which are assigned to the
respective electric units that are directly electrically con-
nected to the intermediate circuit. Furthermore, using this
measurement of the electrical capacitance 1n the mtermedi-
ate circuit as a function of the temperature makes 1t possible
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to determine or calculate the influence of the temperature on
the electrical capacitance 1n the intermediate circuit.

The method of the present invention makes it possible to
determine the electrical capacitance of an intermediate cir-
cuit capacitor associated with the inverter. The intermediate
circuit 1n this case may comprise multiple intermediate
circuit capacitors, which are respectively assigned to an
clectric unit that 1s directly electrically connected to the
intermediate circuit. For this purpose, the electrical capaci-
tance of the intermediate circuit capacitor associated with
the inverter 1s significantly greater than the sum of the
capacitances of the intermediate circuit capacitors, which
are respectively associated with another electric unit that 1s
directly connected to the mtermediate circuit.

Furthermore, a motor vehicle 1s provided, which com-
prises an e¢lectric drive system that 1s configured for imple-
menting the method of the present invention.

An mtermediate circuit usually comprises multiple inter-
mediate circuit capacitors. For example, the intermediate
circuit may comprise a first intermediate circuit capacitor,
which 1s associated with an inverter, and a second interme-
diate circuit capacitor, which 1s associated with a DC voltage
converter. The mntermediate circuit may have additional
intermediate circuit capacitors, which are associated with
additional electric units or loads that are directly electrically
connected to the intermediate circuit.

The method according to the present invention makes 1t
possible to utilize the high frequency-sampled voltage mea-
surement of the DC voltage converter of the electric drive
system. Thus 1s 1s possible to determine the electrical
capacitance 1n the intermediate circuit of the electric drive
system 1n a cost-elfective manner.

Since an electrical capacitance of the mtermediate circuit
capacitor associated with the DC voltage converter as well
as electrical capacitances of the mtermediate circuit capaci-
tors associated with the further electric units are significantly
lower 1n comparison to the electrical capacitance of the
intermediate circuit capacitor associated with the mverter, 1t
1s possible to use the method of the present mmvention to
determine the electrical capacitance of the intermediate
circuit capacitor associated with the inverter 1n an approxi-
mate manner.

The method of the present invention makes 1t possible to
monitor the state of the intermediate circuit capacitor asso-
ciated with the inverter continually.

Advantageously, the method of the present invention
makes 1t possible to ascertain an aging mechanism of the
intermediate circuit capacitor associated with the inverter by
collecting measuring signals such as voltages, currents and
temperatures.

The method of the present mnvention further makes 1t
possible to adapt the parameters of a control process, such
as €.g. a current control, to the state of the intermediate
circuit capacitor associated with the inverter in order to
extend the service life of the intermediate circuit capacitor
associated with the inverter.

Moreover, the method of the present invention makes it
possible to configure the mtermediate circuit capacitor asso-
ciated with the mverter to be smaller, thus avoiding an
oversizing of the intermediate circuit capacitor associated
with the mverter. Consequently, the manufacturing costs as

well as the space of the intermediate circuit capacitor
associated with the inverter and/or of the inverter are
reduced.

Specific embodiments of the present invention are
explained in detail in the following description with refer-
ence to the drawing.
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Identical or similar elements are designated by the same
reference numerals 1n the following description of the spe-
cific embodiments of the present invention, a repeated
description of these elements being omitted i1n 1ndividual
cases. The figures represent the subject matter of the present
invention only schematically.

BRIEF DESCRIPTION OF TH.

(L]

DRAWING

FIG. 1 shows a schematic representation of an electric
drive system, which 1s configured to determine an electrical
capacitance 1n an intermediate circuit.

DETAILED DESCRIPTION

FIG. 1 shows a schematic representation of an electric
drive system 100, which 1s configured to determine an
clectrical capacitance in an intermediate circuit 2.

The electric drive system 100 comprises a {irst electrical
energy source 10, which 1s electrically connected to an
intermediate circuit 2 via a main switch 12 and which feeds
intermediate circuit 2. The first electrical energy source 10
may be developed as an energy store such as a battery, in
particular a lithtum-ion battery (LIB), a super capacitor (SC)
or a hybnid super capacitor (HSC). First electrical energy
source 10, however, may also be developed as an energy
converter such as a fuel cell, for example.

The electric drive system 100 further comprises a drive
unit 80, which has an inverter 20 and an electrical load 30,
the inverter 20 being electrically connected on the input side
to mtermediate circuit 2.

On the output side, mnverter 20 1s electrically connected to
clectrical load 30. Depending on the electrical load 30
clectrically connected to inverter 20, mverter 20 1s devel-
oped to be single-phased or three-phased. Electrical load 30
may be developed as a three-phased electric motor.

Electric drive system 100 furthermore comprises a DC
voltage converter 40, which 1s electrically connected to
intermediate circuit 2 and which measures a voltage 1n
intermediate circuit 2 by high frequency sampling.

Electric drive system 100 furthermore has a second elec-
trical energy source 50, which 1s electrically connected to
intermediate circuit 2 via DC voltage converter 40. The
second electrical energy source 50 may be developed as an
energy store such as a battery, 1 particular a lithium-ion
battery (LIB), a super capacitor (SC) or a hybnd super
capacitor (HSC). First electrical energy source 10, however,
may also be developed as an energy converter such as a fuel
cell, for example.

First electrical energy source 10 and second electrical
energy source 30 have different voltage levels. First electri-
cal energy source 10 may have a higher voltage level than
second electrical energy source 50.

Electric drive system 100 furthermore comprises a first
additional electrical load 60, which 1s electrically connected
to DC voltage converter 40 and via the latter 1s electrically
connected to intermediate circuit 2. The first additional
clectrical load 60 1s to be understood as a group of electric
units.

The electric drive system 100 further comprises a second
additional electrical load 70, which 1s directly electrically
connected to intermediate circuit 2. The second additional
clectrical load 70 1s likewise to be understood as a group of
clectric unaits.

Intermediate circuit 2 in this case comprises multiple
intermediate circuits capacitors, which are respectively asso-
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ciated with mverter 20, DC voltage converter 40 and the
second additional electrical load 70.

To determine the electrical capacitance 1n intermediate
circuit 2, DC voltage converter 40 measures a voltage 1n
intermediate circuit 2 by high frequency sampling.

According to one advantageous development of the pres-
ent invention, a ripple of the voltage 1n intermediate circuit
2 1s detected when the voltage 1n mtermediate circuit 2 1s
measured using DC voltage converter 40. To be able to
detect a ripple of the voltage 1n intermediate circuit 2, the
frequency of sampling may be greater than 10 kHz.

A ripple of an 1input current of inverter 20 1s emulated with
the aid of a model of drive unit 80. In this instance, no other
clectric unit such as DC voltage converter 40 or second
additional electrical load 70 1s active.

A current of electrical load 30 1s measured 1n the process,
the measured values of the current of electrical load 30
serving as a starting point for the model of drive unit 80 for
emulating the ripple of the mput current of inverter 20.

Electrical load 30 may be controlled by inverter 20 on the
basis of a switching pattern. For example, the electrical load
30, which 1s developed as a three-phased electric motor, may
be controlled by inverter 20 on the basis of a so-called space
vector modulation, which 1s based on a pulse width modu-
lation. The ripple of the current of the electric motor may be
emulated with the aid of a model of mverter 20 and of the
clectric motor over the duration of a voltage vector, the
duration of a voltage vector depending on a switching
frequency of the space vector modulation.

After the ripple of the voltage 1n intermediate circuit 2 1s
detected and the ripple of the mput current of mnverter 20 1s
emulated, the electric capacitance in intermediate circuit 2 1s
determined on the basis of a dynamic intermediate circuit
model. The dynamic mtermediate circuit model comprises
resistances and inductances 1n all cables that are electrically
connected to mtermediate circuit 2, and electrical capaci-
tances 1n all intermediate circuit capacitors, which are asso-
ciated with the respective electric units, presently nverter
20, DC voltage converter 40 and the second additional
clectrical load 70, directly electrically connected to inter-
mediate circuit 2. To make i1t possible to determine the
clectrical capacitance 1n intermediate circuit 2 on the basis
of the dynamic intermediate circuit model, the ripple of the
voltage 1 mtermediate circuit 2 detected by the DC voltage
converter and the emulated ripple of the mput current of
inverter 20 must be synchronized. This synchronization may
be performed for example 1n that the ripple of the voltage in
intermediate circuit 2 detected by DC voltage converter 40
1s synchronized with a voltage measured by inverter 20 1n
intermediate circuit 2. For the purpose of controlling elec-
trical load 30, the voltage in intermediate circuit 2 1s also
measured by inverter 20 using a sampling process, this
sampling process on the part of inverter 20 having a lower
sampling frequency than the sampling process performed by
DC voltage converter 40. Sampling by mnverter 20 1s not
suitable for emulating the ripple of the voltage 1n interme-
diate circuit 2.

The dynamic intermediate circuit model may be adjusted
by measurements of the voltage 1n intermediate circuit 2 or
determined by a change factor of the electrical capacitance
in intermediate circuit 2 or of the ripple of the voltage 1n
intermediate circuit 2. The adjustment of the dynamic inter-
mediate circuit model may be performed 1t there 1s a
suilicient electrical capacitance 1n intermediate circuit 2. At
a lower electrical capacitance 1n mtermediate circuit 2, the
ripple of the voltage 1n mtermediate circuit 2 increases.
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An amplitude of the detected ripple of the voltage 1n
intermediate circuit 2 may be stored in a storage medium.
The stored amplitude of the detected ripple of the voltage 1n
intermediate circuit 2 may be used for adjusting the dynamic
intermediate circuit model. A storage medium may be a
memory card. A cloud storage device, in which data may be
stored online, 1s also conceivable. It 1s also possible to store
information about capacitances in intermediate circuit 2 of
other electric drive systems 100 1n the cloud storage device.
This mformation may be used for the adjustment of the
dynamic intermediate circuit model.

According to another advantageous development of the
present invention, a change in the voltage in intermediate
circuit 2 within a time span 1s detected when the voltage 1n
intermediate circuit 2 1s measured by DC voltage converter
40.

For this purpose, a charging or discharging current of
intermediate circuit 2 1s measured in the time span. Inter-
mediate circuit 2 may be charged by second electrical energy
source 50 via DC voltage converter 40, and first electrical
energy source 10 1s disconnected from intermediate circuit
2 by main switch 12 when charging intermediate circuit 2 up
to a predetermined voltage level.

Intermediate circuit 2 may also be discharged via DC
voltage converter 40. If the second electrical energy source
50 1s an electrical energy store, then second electrical energy
source 50 may be charged by the discharge current of
intermediate circuit 2 via DC voltage converter 40.

The electrical capacitance 1n intermediate circuit 2 1s
determined on the basis of the voltage change in interme-
diate circuit 2 detected 1n the time span and of the charging
or discharging current measured 1n the time span with the aid
of the equation

[=C*du/dt.

I 1s the charging or discharging current of intermediate
circuit 2 and C 1s the capacitance to be determined 1n
intermediate circuit 2. du/dt designates the voltage change 1n
intermediate circuit 2 in the time span.

Electric drive system 100 may be an electric drive system
of a motor vehicle, 1n particular of an electric or hybnd
vehicle.

Electrical load 30 1s here developed as an electric motor
such as e.g. a traction motor. First electrical energy source 10
may be developed as an energy store such as for example a
traction battery or as an energy converter such as a fuel cell,
for example. First electrical energy source 10 may have for
example a voltage level of 48 volts or even higher. Second
clectrical energy source 50 may be for example a battery
having a low voltage such as e.g. a 12V battery.

First additional electrical load 60 may include for
example entertainment devices such as radios, video
screens.

Second additional electrical loads 70 may include for
example a heating system, a ventilation system and an air
conditioning system.

Intermediate circuit 2 1s charged when the motor vehicle
1s started. A time span of the charging process 1s considered.
Within the time span of charging, a voltage 1n intermediate
circuit 2 1s measured by DC voltage converter 40. Together
with a charging current of intermediate circuit 2 measured in
the time span of charging, it 1s possible to determine the
clectrical capacitance in intermediate circuit 2.

By contrast, when the motor vehicle 1s shut down, inter-
mediate circuit 2 1s discharged. A time span of the discharg-
ing process 1s considered. Within the time span of discharg-
ing, a voltage in mtermediate circuit 2 1s measured by DC
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voltage converter 40. Together with a discharging current of
intermediate circuit 2 measured 1n the time span of discharg-
ing, i1t 1s possible to determine the electrical capacitance 1n
intermediate circuit 2.

When determining the electrical capacitance 1n interme-
diate circuit 2, 1t suflices to take into account only a start
value and an end value of the measured voltage 1n interme-
diate circuit 2 1n the time span.

The electrical capacitance 1n intermediate circuit 2 may be
determined multiple times. Subsequently, an average 1is
formed of the repeatedly determined electrical capacitance
in intermediate circuit 2. The repeated determination of the
clectrical capacitance 1n intermediate circuit 2 occurs 1n the
charging or discharging process.

The electrical capacitance 1n intermediate circuit 2 advan-
tageously may be determined as a function of the tempera-
ture. This allows for additional information to be obtained
about the aging of the intermediate circuit capacitors in
intermediate circuit 2, which are assigned to the respective
clectric units that are directly electrically connected to
intermediate circuit 2. Furthermore, using this measurement
of the electrical capacitance in intermediate circuit 2 as a
function of the temperature makes 1t possible to determine or
calculate the influence of the temperature on the electrical
capacitance in mtermediate circuit 2.

The electrical capacitance 1n intermediate circuit 2 may be
determined as a function of the temperature in particular
when starting the motor vehicle, 1 the motor vehicle has
been standing for a suflicient extent of time. In this case, the
temperature of intermediate circuit 2 or of the intermediate
circuit capacitors in intermediate circuit 2 equals that of the
coolant or that of the surroundings.

Since the electrical capacitance of the mntermediate circuit
capacitor associated with DC voltage converter 40 as well as
the electrical capacitance of the intermediate circuit capaci-
tor associated with the second additional electrical load 70
are significantly lower in comparison to the electrical
capacitance of the intermediate circuit capacitor associated
with mverter 20, 1t 1s possible to us the method of the present
invention to determine approximately the electrical capaci-
tance of the intermediate circuit capacitor associated with
inverter 20.

The present invention 1s not restricted to the exemplary
embodiments described here and the aspects emphasized
therein. Instead, a multitude of variations that lie within the
scope of the actions of one skilled 1n the art are possible
within the framework indicated by the descriptions herein.

What 1s claimed 1s:

1. A method for determining an electrical capacitance 1n
an 1ntermediate circuit of an electric drive system, the
method comprising:

measuring a voltage in the mtermediate circuit with a DC

voltage converter, wherein the electric drive system

includes:

at least one first electrical energy source, which feeds
the intermediate circuit,

a drive unit, which includes an inverter and an electrical
load, the inverter being electrically connected on the
input side to the intermediate circuit and on the
output side to the electrical load, and

the DC voltage converter, which 1s electrically con-
nected to the intermediate circuit and which mea-
sures the voltage 1n the intermediate circuit by high
frequency sampling;

determining the electrical capacitance 1n the intermediate

circuit based on the voltage 1n the intermediate circuit

as measured by the DC voltage converter;
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detecting a rnipple of the voltage in the intermediate
circuit;

measuring a current of the electrical load;

emulating the nipple of an mmput current of the inverter
based on the measured current of the electrical load;
and

determining the electrical capacitance in the intermediate
circuit based on the detected ripple and the emulated
ripple.
2. The method of claim 1, wherein the rnipple of the
voltage 1n the mtermediate circuit 1s detected when measur-
ing the voltage in the intermediate circuit using the DC
voltage converter,
wherein the ripple of the input current of the iverter 1s
emulated based on the measured current of the electr-
cal load and with a model of the drive unit, and

wherein the electrical capacitance 1n the intermediate
circuit 1s determined based on the detected ripple of the
voltage in the intermediate circuit and the emulated
ripple of the mput current of the inverter with a
dynamic intermediate circuit model.
3. The method of claim 2, wherein the dynamic interme-
diate circuit model 1s adjusted by measurements of the
voltage 1n the intermediate circuit or determined by a change
factor of the electrical capacitance in the intermediate circuit
or of the ripple of the voltage 1n the intermediate circuat.
4. The method of claim 2, wherein an amplitude of the
detected nipple of the voltage 1n the intermediate circuit 1s
stored 1n a storage medium.
5. The method of claim 1, further comprising:
detecting a change in the voltage in the intermediate
circuit 1n a time span when measuring the voltage 1n the
intermediate circuit using the DC voltage converter;

measuring a charging or discharging current of the inter-
mediate circuit in the time span; and

determining the electrical capacitance in the intermediate

circuit based on the voltage change 1n the intermediate
circuit detected in the time span and of the charging or
discharging current measured 1n the time span.

6. The method of claam 5, wherein the electric drive
system has at least one second electrical energy source,
which 1s electrically connected to the intermediate circuit via
the DC voltage converter.

7. The method of claim 5, wherein the electrical capaci-
tance 1n the intermediate circuit 1s determined multiple times
and an average ol the repeatedly determined electrical
capacitance in the intermediate circuit 1s formed.

8. The method of claim 35, wherein the electrical capaci-
tance 1n the mtermediate circuit 1s determined as a function
of the temperature.

9. The method of claim 1, wherein the electrical capaci-
tance of an imntermediate circuit capacitor associated with the
inverter 1s determined.

10. A motor vehicle, comprising:

an electric drive system, wherein an electrical capacitance

in an intermediate circuit of the electric drive system 1s

determined by performing the following:

measuring a voltage in the mtermediate circuit with a
DC voltage converter, wherein the electric dnive
system 1ncludes:

at least one first electrical energy source, which feeds

the intermediate circuit,

a drive unit, which includes an inverter and an
clectrical load, the inverter being electrically con-
nected on the mput side to the intermediate circuit
and on the output side to the electrical load, and
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the DC voltage converter, which 1s electrically con-
nected to the intermediate circuit and which mea-
sures the voltage 1n the intermediate circuit by
high frequency sampling; and
determining the electrical capacitance in the interme-
diate circuit based on the voltage 1n the intermediate
circuit as measured by the DC voltage converter;
detecting a ripple of the voltage in the intermediate
circuit;
measuring a current of the electrical load;
emulating the ripple of an mnput current of the inverter
based on the measured current of the electrical load:
and
determining the electrical capacitance in the interme-
diate circuit based on the detected ripple and the
emulated ripple.

11. The motor vehicle of claim 10, wherein the ripple of
the voltage 1n the intermediate circuit 1s detected when
measuring the voltage in the intermediate circuit using the
DC voltage converter, wherein the ripple of the input current
of the mverter 1s emulated based on the measured current of
the electrical load and with a model of the drive unit, and
wherein the electrical capacitance 1n the intermediate circuit
1s determined based on the detected ripple of the voltage 1n
the intermediate circuit and the emulated ripple of the input
current of the inverter with a dynamic intermediate circuit
model.

12. The motor vehicle of claim 11, wherein the dynamic
intermediate circuit model 1s adjusted by measurements of
the voltage in the mtermediate circuit or determined by a
change factor of the electrical capacitance 1n the intermedi-
ate circuit or of the ripple of the voltage 1n the intermediate
circuit.
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13. The motor vehicle of claim 11, wherein an amplitude
of the detected ripple of the voltage in the intermediate
circuit 1s stored 1n a storage medium.
14. The motor vehicle of claim 10, wherein the electrical
capacitance 1n the intermediate circuit of the electric drive
system 1s determined by performing the following further
tasks:
detecting a change i1n the voltage in the intermediate
circuit 1n a time span when measuring the voltage 1n the
intermediate circuit using the DC voltage converter;

measuring a charging or discharging current of the inter-
mediate circuit 1n the time span; and

determining the electrical capacitance in the intermediate

circuit based on the voltage change 1n the intermediate
circuit detected 1n the time span and of the charging or
discharging current measured 1n the time span.

15. The motor vehicle of claim 14, wherein the electric
drive system has at least one second electrical energy source,
which 1s electrically connected to the intermediate circuit via
the DC voltage converter.

16. The motor vehicle of claim 14, wherein the electrical
capacitance in the mtermediate circuit 1s determined mul-
tiple times and an average of the repeatedly determined
clectrical capacitance in the mtermediate circuit 1s formed.

17. The motor vehicle of claim 14, wherein the electrical
capacitance 1n the intermediate circuit 1s determined as a
function of the temperature.

18. The motor vehicle of claim 10, wherein the electrical
capacitance of an itermediate circuit capacitor associated
with the inverter 1s determined.
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